. Conserved RF Motifs, tRNA-Mimicry Domains, and Mutations domain IV of EF-G highlighted two residues; their alter-G-Domain-Dependent Conformation Switch during Termination ations are toxic to cells (dominant lethal) and induce abnormal termination at sense codon(s) (Ito et al., 1996) Analogous to the initiation and elongation steps of translation, the termination step involves hydrolysis of GTP (Figure 1 ). The amino acids in EF-G equivalent to these residues are topologically equivalent to the anticodon to GDP by RF-3 or eRF-3. Because the basic function of the G domain is to switch the protein conformation loop of tRNA (Figure 2 ). However, there is a small but significant difference in topology between the tRNA antibetween two alternative states, we assume that GTP stimulates binding of RF-3 to ribosomes (ON-state), codon loop and the EF-G counterpart moiety (Nissen et al., 1995) , perhaps reflecting the fact that tRNAs (and whereas GDP dissociates the complexes (OFF-state).
In fact, site-directed alterations of conserved RF-3 RFs) are responsive to specific codons while EF-G is not. Given that the reported two RF-2 residues determine the G-domain residues affect polypeptide termination and exert dominant negative lethality, suggesting that the protein's anticodon mimicry, it would be interesting to confer codon specificity on EF-G by micro-domain G-domain switch of mutant RF-3 proteins is locked in a single state of the catalytic cycle (Nakamura et al., swapping between RFs and EF-G or by site-directed mutagenesis. These approaches will give a better under-1995).
The yeast termination factor eRF-3, Sup35, is a nonstanding of the codon-amino-acid pairing rules for tRNA-mimic proteins.
Mendelian prion-like element called [psiϩ] that was uncovered some thirty years ago as a modifier of tRNAWhereas RF-1 and RF-2 are similar to the C-terminal domain of EF-G, mimicking tRNA, RF-3 is similar to the mediated nonsense suppression in S. cerevisiae (reviewed by Stansfield and Tuite, 1994) . Sup35 has several N-terminal domains of EF-G and to EF-Tu. Therefore, the RF-1/2-RF-3 complex, if formed appropriately, re-N-terminal tandem peptide repeats with the consensus to other prion proteins of mammals. Transient overexsembles EF-G or the EF-Tu-GTP-aminoacyl-tRNA ternary complex (Ito et al., 1996) . The three-dimensional pression of the wild-type SUP35 gene results in the de novo appearance of the corresponding [psiϩ] phenostructure of the ternary complex of Phe-tRNA, Thermus aquaticus elongation factor EF-Tu, and the non-hydrotype, revealing that the [psiϩ] factor is a self-modified protein analogous to mammalian prions. Moreover, lyzable GTP analog, GDPNP, is almost completely superimposable on the EF-G-GDP complex, suggesting chaperone proteins such as Hsp104 can cure cells of prions without affecting viability (Chernoff et al., 1995) . common structural requirements for their function on the ribosome (Nissen et al., 1995) (Figure 2 ).
In fact, Sup35 is now known to assume two functionally Domain II in EF-G was superimposed on the corresponding domain II in EF-Tu and the structures are shown side by side in a schematic representation. The overall shape of the structures is highly similar. Amino acid positions equivalent to putative anticodon-mimicry residues in RF-2 are shown by arrows (Ito et al., 1996) . This figure was kindly generated by S. Al-Karadaghi, A. AEvarsson, and A. Liljas.
in the same ribosomal pocket as the EF-Tu ternary complex. Several of the molecular components of this binding pocket have now been identified, providing molecular explanations for the codon context effects (Bjö rnsson et al., 1996; Zhang et al., 1996) . The release factor complex binds and interacts with both ribosomal RNA and proteins. Besides parts of the ribosome itself, the ribosomal A-site pocket should consist of the exposed codon, close to base 1400 of the 16S rRNA at the bottom of the intersubunit ribosomal cavity (reviewed by Tate et al., 1996) . The P-site tRNA can affect A-site decoding by the EF-Tu ternary complex suggesting a tRNA-tRNA interaction (Yarus and Curran, 1992, and references therein). However, effects by P-site tRNAs differ in strains with mutant or wild-type forms of RF-1, suggesting that the termination complex also interacts with the P-site tRNA. This interaction between RF and the P-site tRNA can in some cases be affected by RF-1 is in close contact with the ribosomal P site and directly recognizes the stop codon at the A site, as has also been found in vitro (Tate and Brown, 1992, and distinct conformations which differentially influence the references therein). The P-site tRNA thus seems to conefficiency of translation termination (Patino et al., 1996) . stitute another surface of a common A-site pocket for The biological meaning of the prion-like property of the EF-Tu ternary complex and RF (Figure 3 ).
Sup35 represents another fascinating aspect of the role
The mRNA sequence immediately downstream of the of translation termination factors.
stop codon is important for termination efficiency. In E.
Codon Context in Translation Termination
coli, a U base seems to interact directly with RF-1 (Yarus The overall process of translation termination highly reand Curran, 1992), thus making termination more effisembles the elongation process, except that a stop cocient. Conversely, an A as the first base downstream don, instead of a sense codon, is decoded at the A site of the stop codon gives inefficient termination. Thus, of the ribosome (Figure 3) . The molecular mimicry found termination is ruled by a signal of four bases instead of between the EF-Tu ternary complex and the RF-1/2-RFthe three that constitute the termination codon itself 3-GTP complex makes it likely that both complexes fit (Poole et al., 1995) (Figure 3 ). In addition to the codon into a similar pocket in the ribosome during decoding upstream (location Ϫ1) of the stop codon, the nature of (Figure 3) . The ribosome takes an active part during the Ϫ2 codon also affects termination efficiency (Bjö rnstranslation of both sense and stop codons (Tate and son et al., 1996 , and references therein). The tRNA that Brown, 1992). The ribosomal A-site decoding center at corresponds to the Ϫ2 codon has been translocated to the bottom of the intersubunit cavity is opened upon the ribosomal E site and should not be in the immediate starvation for aminoacyl-tRNA (Ö fverstedt et al., 1994) .
vicinity of the stop codon at the A site. Even though a Ribosomes that reach a stop codon probably undergo change of the Ϫ2 codon can result in a thirty-fold effect, a similar conformational change to expose the A site it can not be correlated to any property of the codon with the stop codon for RF interaction. If this interaction itself or to its corresponding tRNA. Instead, the penultiis slow, the exposed stop codon can be recognized by mate amino acid at the C-terminal end of the nascent a near-cognate tRNA in competition with RF, giving an peptide, which corresponds to the Ϫ2 codon, is the elongated protein as a readthrough product. Therefore, important factor (Figure 3 ). Termination at the UGAA measurement of translational readthrough serves as a stop signal is more efficient if this amino acid is basic sensitive indicator of the relative efficiency of the termior has a hydrophilic character (Bjö rnsson et al., 1996 , nation process in relation to the EF-Tu-mediated readand references therein). through event.
In addition to the P-site tRNA that seems to interact Termination/readthrough at a stop codon is sensitive with RF, the corresponding last amino acid in the nato the flanking codons. Such a codon-context effect, scent peptide also influences termination efficiency. although much smaller, has also been found for the Thus, a correlation can be found between a high propendecoding of sense codons by a missense suppressor sity of this amino acid to participate in ordered structRNA in competition with the cognate tRNA (reviewed tures (␣-helix, ␤-strand) and efficient termination at by Tate et al., 1996) . The nonsense codon context effect UGAA. Even the size of its side chain seems to be imporsuggests that the RF complex or the competing EF-Tu tant, because readthrough by a wild-type or suppressor ternary complex with the near-cognate tRNA, or both, form of tRNA TRP is affected differently depending on are sensitive to the neighboring codon(s) in a direct or whether the last amino acid in the nascent peptide is large or small (Bjö rnsson et al., 1996, and references indirect manner. Available data suggest that RF binds
